ABSTRACT Tswalu Kalahari Reserve is a private game reserve covering 1,020 km 2 in the Northern Cape, South Africa. It has been created from a number of reclaimed farms and restocked with large indigenous mammals. Two surveys were conducted to inventory the dung beetle fauna (Coleoptera: Scarabaeidae: Scarabaeinae) and determine their spatial patterns and food type associations. The spatial survey used pig dungÐ baited pitfall traps to examine dung beetle distribution across three main landscape types (plains, dunes, hills) comprising six principal vegetation communities. The food study examined their relative associations with carrion and four different dung types within a single vegetation community. A total of 70 species was recorded. Because the food association study was spatially restricted and conducted under drought conditions, abundance and species richness (47 species) were much lower than in the spatial study (64 species), which was conducted after substantial rainfall. Principal spatial differences in species abundance structure of assemblages were between the sandy southwest plains and dunes; the sandy northern dune Þelds and plains; and the rocky hills. Forty species analyzed in the food association study showed clear distributional biases to carrion or the dung of elephant (monogastric herbivore), pig (omnivore), cattle and sheep (ruminant herbivores), or pig and cattle. The results (1) show how dung beetle assemblage structure is locally diversiÞed across the heterogeneous landscape of the reserve and (2) indicate how the different dung types dropped by a diverse assemblage of indigenous mammals may variously favor different species of dung beetles.
Dung beetle distribution patterns across spatial gradients are a response to various interacting factors. These include topography and climate (Kirk and Ridsdill-Smith 1986 , Davis and Dewhurst 1993 , Davis 1997 , edaphic characteristics and vegetative physiognomy (Nealis 1977 , Cambefort 1982 , Davis 1996 , dung type (Fincher et al. 1970 , Davis 1994 , Tshikae et al. 2008 , dropping size (Peck and Howden 1984) , and spatial frequency of droppings (Lobo et al. 2006) . The relative inßuence of these factors varies both with spatial scale and the speciÞc attributes of a geographical region, landscape, or locality .
In the open vegetation of the arid Northern Cape Province, South Africa, distribution patterns of scarabaeine beetles attracted to cattle and sheep dung are inßuenced by climatic and edaphic factors that interact to determine patterns shown at three spatial scales: regional, subregional, and habitat . At the regional scale, a major faunal division occurs across the interdigitized ecotone between the arid, often stony soils of the Nama Karoo that lies to the cooler southwest and the mostly deep sands of the less arid Kalahari to the northeast. Within the deÞned study area ), separation at the subregional scale (warmer/moister Kalahari, cooler Upper Karoo, arid Bushmanland Karoo, and stony karoo patches or arid outlier Kalahari dunes along the Orange River valley) was inßuenced primarily by climatic patterns, either annual temperature or annual rainfall. Separation at local or habitat scale (13 divisions) was inßuenced primarily by edaphic factors, particularly stony versus deep soils, although soil grain size, ranging from sand to clay, may also be highly inßuential (Nealis 1977 , Doube 1991 , Davis 1996 .
Understanding the factors that are important in determining regional and local distribution patterns is useful for conservation management. Therefore, this study examines patterns of dung beetle assemblage structure and their biogeographical composition within Tswalu Kalahari Reserve, which lies in the southwest Kalahari at the moister eastern edge of the region studied by Davis et al. (2008) . The owners of Tswalu support various research projects to provide inventories of the fauna and ßora and to assist in conservation management. This includes this study (Tswalu conservation project 2009 ) that provides an inventory of the dung beetle fauna on different food types and determines to what extent assemblage structure on pig dung is inßuenced by factors at regional biogeographical, landscape, and local vegetation community scales of spatial organization. Its main focus is on spatial patterns that descend to a Þner-grained scale than those analyzed by Davis et al. (2008) .
Materials and Methods
Study Area and Study Sites. Tswalu Kalahari Reserve was established in 1995 and is a private game reserve comprising 1,020 km 2 (102,000 ha) situated in the northeast of Northern Cape Province, South Africa between latitudes 27Њ04Ј S to 27Њ33Ј S and longitudes 22Њ10Ј E to 22Њ36Ј E (Fig. 1) . It ranges in altitude from 1,020 m on the plains to 1,586 m on the highest (Mucina and Rutherford 2006) ; (2) the principal vegetation communities in the western part of the reserve (Van Rooyen et al. 2005) ; and (3) the location of study sites for the spatial (squares numbered 1Ð12) and food surveys (20 small circles each representing four traps) for dung beetles. mountain peak and is fairly arid, receiving an average of 286 Ð318 mm of rain per year over 5 by 5-km polygons around the study sites, 76% of which falls from mid-to late summer between December and April.
Tswalu was created from a number of reclaimed farms and returned, as far as possible, to its former natural state by removing most farm developments and by restocking it with large indigenous mammals that formerly occurred either locally or in adjoining savanna regions. The 75 mammal species now in the reserve provide the full range of dung types present in savanna regions, including large, coarse-Þbered droppings of monogastric herbivores (e.g., desert black rhinoceros, BurchellÕs zebra); large pads (African buffalo) or pellets (e.g., black and blue wildebeest, eland, gemsbok) of ruminant herbivores; and small, strongsmelling droppings of carnivores (e.g., lion) or omnivores (e.g., Chacma baboon).
The conserved landscape is geomorphologically and ecologically heterogeneous. It comprises rocky mountains, sandy plains, and Þelds of parallel dunes. These fall within two bioregions and Þve vegetation units (Mucina and Rutherford 2006) , which include from 12 to 17 vegetation communities (Van Rooyen et al. 2005 ) on mostly sandy soils.
Tswalu is centered within the Eastern Kalahari Bioregion, but the northern part extends into an outlier patch of the Kalahari DuneÞeld Bioregion (Fig. 1) . The included vegetation units comprise the northern tip of the Koranna Langeberg Mountain Bushveld with Gordonia Duneveld to the north, Gordonia Plains Shrubveld to the west, Olifantshoek Plains Thornveld close to the mountains both to the east and west, and Kathu Bushveld to the east. The latter two units remain unsampled for dung beetles.
The study area for dung beetles was restricted to the western part of Tswalu westward from the northsouth trending mountain range (Korannaberg) that bisects the reserve (Fig. 1) . Study sites were selected according to a detailed vegetation classiÞcation of the reserve (Van Rooyen et al. 2005) that was deÞned at a Þner-grained scale than the classiÞcation of Mucina and Rutherford (2006) . It identiÞed 17 plant communities (5 closely related) on the basis of diagnostic shrub or grass indicator species. A total of 12 of these communities were mapped (Fig. 1 ). Five covered a combined area of only 13.8% of the reserve and were not sampled for dung beetles. A sixth plant community was also not sampled for dung beetles as it occurred primarily in scattered patches despite amounting to an appreciable area of the reserve (15.6% of Stiptagrostic uniplumis bushy plains and valleys). Dung beetle samples were taken only from the remaining six vegetation communities that occurred in large blocks and covered the greatest proportion of the reserve (70.6%). These were deÞned either from diagnostic species or from distinctive species groupings (Van Rooyen et al. 2005) . They comprised two communities centered on the northern or west-central dune Þeld, three on the western plains, and one on the eastern mountains (Fig.  1) . Brief descriptions of each concentrate primarily on edaphic characteristics and vegetative physiognomy, which are important determinants of dung beetle distribution (Doube 1991 , Davis 1996 , unlike plant species composition. More detailed data on geology, soils, characteristic plant species, veld condition, and recommended stocking rates may be obtained from van Rooyen et al. (2005) .
Of the two main vegetation communities on the well-drained, aeolian, red sands of the Gordonia Duneveld (Mucina and Rutherford 2006) , Eragrostis pallens dune streets occurred on the plains in the north and northwest and covered 13,003 ha comprising 14.8% of the reserve (study sites 11 and 12; 27.127Њ S, 22.393Њ E or 27.123Њ S, 22.360Њ E), whereas Eragrostis lehmanniana dune valleys and plains were centered on dune streets in the central west and covered 11,486 ha, comprising 13.1% of the reserve (study sites 5 and 6; 27.248Њ S, 22.417Њ E or 27.271Њ S, 22.367Њ E). Both communities were characterized by open grassland with scattered trees and shrubs not exceeding 17% of the cover. However, typical dune grasses were conspicuously absent from the E. lehmanniana dune valleys and plains (Van Rooyen et al. 2005) .
In Tswalu, the Gordonia plains shrubveld (Mucina and Rutherford 2006) mainly comprises aeolian surface sand and dunes that support three main vegetation communities (Fig. 1 In Tswalu, the Koranna Langeberg Mountain Bushveld (Mucina and Rutherford 2006) is represented on the scattered rocky hills of the northern Korannaberg (Fig. 1) . These hills have very limited soil cover and support two varieties of a vegetation community described as Croton gratissimus-Digitaria polyphylla hills and mountains. These occur in areas of differing proportional rock cover and comprise a combined total of 4,787 ha, amounting to 5.5% of the reserve (study sites 7 and 8; 27.253Њ S, 22.465Њ E or 27.139Њ S, 22.441Њ E). On average, nonvegetated rocks cover Ϸ59.1% of the area, rising locally to 70 Ð90%, whereas grasses (22.0%) and shrubs (18.9%) showed similar but low average cover densities with trees being very scarce.
Sampling Methods and Spatial Patterns. In each of the six selected vegetation communities, two study sites were selected well within the boundaries of each block of vegetation (Fig. 1) . Two pitfall traps were placed 50 m apart at each site. These comprised 5-liter plastic buckets (top diameter: 23 cm, depth: 17.5 cm) sunk into the soil to the level of the rims. Trapping was conducted in late summer 2008 soon after substantial rainfall, which fell generally across the reserve on 13Ð15 January (up to 110 mm) and, thereafter, more sporadically across the reserve, most recently on 4 and 8 February (up to 28 mm), just before trapping. On each of two consecutive 24-h sampling occasions, the traps were baited with Ϸ250 ml of cloth-wrapped pig dung supported over the center of each trap by two strong wires. Baiting started during late afternoon on 11 February. Traps were rebaited at 12-h intervals to present fresh baits to both day and night-ßying species until early morning on 13 February. The catches were immobilized, using a little water and detergent in the base of each trap. They were removed and stored in 70% alcohol during the late afternoons of 12 and 13 February at the end of each 24-h sampling occasion. This provided 48 separate samples in total (6 vegetation communities ϫ 2 study sites ϫ 2 traps ϫ 2 d), 8 from each vegetation community.
Sampling Methods and Food Type Associations. Four well-separated 5 by 4 grids of 5-liter pitfall traps were placed in the north of Tswalu across the S. uniplumis plains (Fig. 1) . Each grid was comprised of Þve lines of traps at 1-km intervals with the four traps along each line separated by 50 m. During trapping, each line of four traps was baited with the same bait type, but the Þve lines in each grid were baited with Þve different bait types that were cloth-wrapped and supported over each trap on two strong wires. These comprised Ϸ100 ml of carrion (chicken livers) or Ϸ250 ml of pig, cattle, sheep, or elephant dung. Trapping was conducted in late summer 2007 from 23 to 25 February. This period coincided with drought conditions because there had been no general rain over the reserve since 2 November 2006 (Յ19 mm). Rain did fall on 25 and 29 January (up to 30 mm), a month before trapping, but only beyond the Korannaberg in the eastern part of the reserve to the east of the study area. There was no rain whatsoever recorded during February. Over the two 24-h trapping periods, fresh baits were placed on the traps in the early morning at the beginning of each period, and catches were removed at the end of each period. Although this design provided 160 separate samples in total (4 grids of traps ϫ 5 trap lines ϫ 4 traps per line ϫ 2 d) amounting to 32 samples per bait type, in practice, six carrion, three pig, four cattle, and one sheep sample were lost because of disturbance by animals.
Data Analysis. Species richness estimators contained in EstimateS v.7.50 (Colwell 2005) were used to predict whether the observed Tswalu species inventory was relatively complete. These tests were conducted on the spatial survey data both for the entire reserve (44 samples with 4 deleted: 2 from site 5 and 2 from site 7) and for each of the six surveyed vegetation communities (8 or 6 samples each). Values yielded by four estimators, abundance-based coverage estimator (ACE), incidence-based coverage estimator (ICE), Chao1, and Chao2, were used to calculate mean proportions and SDs of observed compared with predicted values of species richness.
A substantial data set was yielded by the spatial study because it was conducted under very moist conditions. These data were analyzed to examine relative differences in dung beetle assemblage structure between landscape types, vegetation communities, trapping sites, and traps. The data for days 1 and 2 were combined to produce a 64 by 24 raw data matrix that comprised mean abundances per trap for 64 species ϫ 6 vegetation communities ϫ 2 study sites ϫ 2 traps at each site. As mean abundances showed a wide range in magnitude, the data matrix was fourth root transformed. Nonparametric multidimensional scaling (NMDS) was conducted on a correlation matrix for species abundance across the 24 spatial variables using Statistica v.7 (StatSoft 2004). On the ordination plot derived from this analysis, a minimum spanning tree was Þtted to the data points based on an analysis of the distance matrix using the Kruskal algorithm contained in the computer package Arlequin v.3.1 (ExcofÞer et al. 2006) .
Because the food association study was conducted under drought conditions, most species were recorded in low density, and many occurred only sporadically. Therefore, the species data were contracted to mean numbers per trap for each bait type to minimize noise. After deletion of seven species sampled in very low numbers (Ͻ0.12 per trap), the raw data matrix comprised mean abundances for 40 species ϫ 5 bait types. NMDS was conducted on a correlation matrix for bait association patterns of these 40 species using Statistica v.7 (StatSoft 2004). A cross-tabulation table and a goodness of Þt test (PearsonÕs 2 ) were used to determine whether there were signiÞcant differences between proportional bait-type associations shown by Þve groups of species deÞned from the NMDS ordination plot.
An analysis of the biogeographical composition of the dung beetle fauna recorded in the Northern Cape by Davis et al. (2008) was used to biogeographically classify the species recorded in this study. Category 1 comprised species with distributions centered in the arid southwest of southern Africa. Category 2 comprised species centered on the deep sands of the Kalahari Basin in central southern Africa, either widespread or restricted to the southwest of this region. Category 3 comprised species centered in the savannas to the north and northeast of the Kalahari. The other categories comprised (4) species widespread in Southern Africa, (5) those centered in the uplands of the eastern Highveld of South Africa, and (6) unclassiÞed species. The proportional biogeographical composition of species abundance was determined for each of the six main vegetation communities in Tswalu. Cross-tabulation tables with goodness of Þt tests (PearsonÕs 2 ) were used to determine whether there were signiÞcant differences between the biogeographical compositions of different vegetation communities.
Results
A total of 70 species of dung beetles were recorded in Tswalu. The food association study was conducted under drought conditions in a single vegetation community and yielded a much lower species richness (47) and total abundance (65,419) than the spatial study (64 species, total abundance ϭ 124,410) that was conducted in six vegetation communities after substantial rainfall (Tables 1 and 2 ). Although trapping intensity in the food study, using Þve bait types, was more than three times greater than in the spatial study, using a single bait type, mean abundance per trap was much lower in the food study (448.1) than in the spatial study (2,827.5). Different bait types attract different numbers of beetles (Table 2 ). However, on the S. uniplumis plains, species abundance in pig dungÐ baited traps was clearly much lower during drought (food study: 29 traps, 33 species, mean abundance per trap ϭ 735.3; spatial study: 8 traps, 48 species, mean abundance per trap ϭ 2,615.1).
A comparison between observed and predicted numbers of species suggests that high proportions of the taxa present in the reserve and vegetation communities (Table 3) were recorded by the two surveys. In the vegetation communities, observed species totals vary from 38 on the rocky hills, to 41Ð 43 on the dunes, to 42Ð 48 on the plains. Although similar observed numbers of species were recorded in the spatial (48) and food association studies (47) on the S. uniplumis plains, 13 were not recorded in the food study, and 6 were not trapped in the spatial study. It is noteworthy that all but one of these six species was trapped on bait types other than pig dung ( Table 2) . Totals of 54 (48 ϩ 6) or 60 species (47 ϩ 13) tally well with the upper and lower deviations on predictions of total species richness on the S. uniplumis plains (Table 3) . Similarly, a total of 70 species (64 ϩ 6) tallies well with the lower limit of the wide deviation in total species richness predicted for the reserve from results for the spatial survey. Figure 2 shows four clear clusters of species with regard to bait type association. One of these clusters is subdivided to produce Þve clusters in total. These divisions are supported by bar diagrams showing the mean bait association of each cluster. These results indicate various signiÞcantly different patterns of proportional bias (Þve by Þve cross-tabulation: PearsonÕs 2 ϭ 465.69, df ϭ 16, P Ͻ 0.001): (1) to carrion represented by rotted chicken livers (2 species); (2) to coarse-Þbered monogastric herbivore dung represented by that of elephant (5 species); (3) to pads or pellets of ruminant herbivores represented by cattle and sheep dung (8 species); (4) to omnivore dung represented by that of pig (11 species); or (5) mixed responses with strong attraction to both pig and cattle dung (14 species). Figure 3 shows some clear patterns of dissimilarity between the dung beetle assemblages recorded at different places across the three landscape types within Tswalu (hills, plains, and dune Þelds). The widely separated cluster comprising the assemblages from sites 7 and 8 is consistent with the quite different faunal structure on the rocky hills (Table 1) . However, the other two proximal clusters comprised sandy southwest or northern sites that showed some inconsistencies with the landscape/vegetation community classiÞcation. Although sites 1Ð 4 on the southwest plains were both clustered and linked together on the ordination plot, they were also closely clustered and linked to the assemblages of site 6 originating from the southwest of the central dune Þeld (Fig. 1) . Overall, this southwest cluster was linked to the assemblages of site 5 that originate from the northeast of the central dune Þeld and were included in the cluster comprising the remaining dune Þeld and plains sites in the north of Tswalu. The dune Þeld sites, 5, 11, and 12, were clustered in a fairly diffuse manner but were all linked by the minimum spanning tree, which linked their part of the northern cluster to that comprising the linked northern plains sites 9 and 10, which are geographically separated from the southwest plains by the central dune Þeld. The northern plains sites were linked at great ordinal distance to sites 7 and 8 on the geographically nearby hills. Overall, for each site, data points for traps 1 and 2 were mostly fairly close to one another in ordinal space.
Biogeographical composition of the Tswalu dung beetle fauna was dominated by species showing distributional centers in three regions, southwest arid, Kalahari, and northeast savanna (Table 4 ). There were signiÞcant differences in proportional biogeographical composition between the six vegetation communities (three by six cross-tabulation: PearsonÕs 2 ϭ 134.996, df ϭ 10, P Ͻ 0.001). In terms of relative abundance, assemblages on the hills were dominated by southwest arid elements, whereas the remainder of the vegetation communities were dominated by Kalahari and northeast savanna elements. On the plains and dunes, there was an overall trend to greater proportional Kalahari representation in the south and more equitable Kalahari and northeast savanna representation in the north (Table 4) , although this was not signiÞcant (two by Þve cross-tabulation: PearsonÕs 2 ϭ 8.402, df ϭ 4, P ϭ 0.078). This trend does not persist after the removal of data for the superabundant Kalahari centered species, Onthophagus sp. nr variegatus (Table 1) but is replaced by more localized patterns of imbalance with greater similarity between the north and south (Table 4 ; PearsonÕs 2 ϭ 1.890, df ϭ 4, P ϭ 0.756). Many individual species show no consistent north/south spatial trend and some, such as the northeast savanna centered Scarabaeus zambezianus, are more abundant in the southwest whereas others, such as the Kalahari centered Scarabaeus damarensis, are more abundant on the Kalahari dunes in the north (Table 1) . Superscripted numbers represent a biogeographical classiÞcation of distribution centres derived from Davis et al. (2008) : 1 ϭ southwest arid, 2 ϭ Kalahari, 3 ϭ Northeast savanna, 4 ϭ Widespread, 5 ϭ Upland (Highveld), 6 ϭ UnclassiÞed.
Discussion
Tswalu Kalahari Reserve has been designed to conserve a heterogeneous part of the landscape in the Northern Cape and to return it to a semblance of its former pristine state by removing most farm developments and reintroducing large indigenous mammals. Although its vegetation is classiÞed as entirely comprising different units of the Kalahari Savanna ßora (Mucina and Rutherford 2006) , in terms of relative abundance, the mountain dung beetle assemblages of the Korannaberg are dominated by two species (Gymnoplerus humanus, Onthophagus sp. G) that Davis et al. (2008) recorded as dominant elements in many assemblages of the southwest arid centered, Nama Karoo, as well as on stony soils at the southwest edge of the Kalahari. In contrast, the assemblages on the plains and dunes of the reserve are indeed characterized by dominance of psammophilous dung beetle species with distributions centered in the Kalahari or the northeast Savanna. It is highly probable that spatial differences in proportional representation of these northeast Savanna and Kalahari elements are related to edge effects and localized factors within vegetation communities rather than to any reserve-wide trend, although ordination indicated a structural difference between southwest and northern assemblages. A minor, average annual rainfall gradient from 298 Ð318 mm in the north to 285Ð304 mm in the southwest is unlikely to be responsible for this result. However, relatively low species abundance recorded in the food study would certainly be primarily related to incidence of rainfall as species richness declines over time after precipitation (Davis 1995 (Davis , 2002 , and there had been none in Tswalu for some time before trapping. This claim is further supported by the results for pig dungÐ baited traps on the S. uniplumis plains that show much lower species abundance during drought compared with wet conditions. Considered in its entirety, species richness of the Tswalu dung beetle fauna (70 species) is comparable to that recorded in the main block of the southwest Kalahari studied by Davis et al. (2008) (93 species) . Of the 70 Tswalu species, 9 mostly uncommon species were not recorded in the study to the southwest. Of 32 species recorded in the southwest Kalahari but not in Tswalu, 17 were mostly recorded as rarities in a study with much greater collecting intensity than that in Fig. 2 . MDS ordination plot showing statistical distances between the food associations of 40 species of dung beetles in Tswalu Kalahari Reserve and the average percentage occurrences of Þve species groups attracted to different dung (omnivore, P ϭ pig; monogastric herbivore, E ϭ elephant; ruminant herbivore, pads C ϭ cattle, pellets S ϭ sheep) or carrion baits (Ca ϭ carrion) (see Table 2 for key to species code numbers). Tswalu. The other 15 species were centered in the southwest arid region and, presumably, represented endemic species of the arid southwest sands or an edge effect across the Nama Karoo/Kalahari ecotone. At greater distance from this ecotone to the northeast, only 9 southwest arid species were represented in Tswalu compared with 27 in the southwest Kalahari and 33 in the entire area studied by Davis et al. (2008) that included large parts of the northern Nama Karoo. In terms of species abundance, there was 63.4% similarity (Steinhaus index ϫ 100) between the overall faunas of Tswalu attracted to pig dung and those of the southwest Kalahari attracted to mixed cattle and sheep dung baits (Steinhaus similarity is based on paired comparisons of proportional species abundance on a scale of 0 Ð1, see Legendre and Legendre 1983) , despite differences in trapping protocol. Thus, the dung beetle assemblage in Tswalu would be highly representative of the characteristic regional biota.
Of the various local factors that might modify dung beetle assemblage structure across the landscape of Tswalu, prominent inßuences might be changes in edaphic character, vegetative physiognomy, or density of different dung types. Although vegetative physiognomy is mostly characterized by open grassland with limited tree cover, there is some increasing density of woody cover in the Monechma incanum shrubveld in the southwest. However, there is no consistent distancing of ordination data points for sites 3 and 4 from other plains and dunes sites in the southwest of Tswalu. There might also be some effects of localization in the distribution of different dung types such as that produced by the concentration of rhinoceros on the southwest plains. Such localizations could be particularly inßuential given the biases toward different bait types shown in the food association analysis. However, much of the variation seen in the reserve may be related to edaphic factors, which are recorded as differing between landscapes and vegetation communities (Van Rooyen et al. 2005) .
Soil type inßuences dung beetles through the ease or difÞculty with which it may be tunnelled (Hanski and Cambefort 1991) , as well as by its varying water retention and drainage properties (Davis 2002) , all of which are related to grain size, soil depth, soil chemistry, and inclusions such as humus content. Dryness in the rocky, shallow, sandy soils of the mountains, are probably a primary reason why the fauna of the mountains is dominated by dung beetle species characteristic of assemblages found in much more arid regions to the southwest. Rapid drainage and relative dryness in the central dune Þeld may also be a reason for the absence of typical Kalahari dune grass species (Van Rooyen et al. 2005 ) and the greater proportional representation of southwest arid dung beetle elements compared with other dune or plains vegetation communities. Deep dune sands in the north clearly favor greater abundance in some species (Table 1) , whereas differences in soil type between northern and southwest plains (Van Rooyen et al. 2005 ) may also have an effect. However, measurements of the physical characteristics of the soils need to be made for a more in depth analysis of how they might inßuence distributions of dung beetle species.
The overall reason for the separation into hills, northern, and southern centered clusters of species assemblages is unclear and may be related to a complex of factors, not all of them related to soil type. Ordination of species distributions across vegetation communities yielded a scatter of data points with no clear division into identiÞable clusters. This is consistent with the observation that there are various different species distribution patterns. Most are difÞcult to interpret, even those that show a relatively consistent bias to northern dunes (Scarabaeus damarensis, Scarabaeus inoportunus, Proagoderus sappharinus), southwest plains (Scarabaeus zambesianus, Onthophagus sp. nr variegatus, Phalops rufosignatus), or eastern hills (Gymnopleurus humanus, Neosiyphus macroruber, Onthophagus sp. G). However, these trends on the hills, plains and dunes are, presumably, the origin of the overall northÐsouth spatial bias shown in the analysis of species assemblage structure.
In conclusion, further study of the physical properties of the environment and the distributional centering of the diverse mammal fauna would assist in the Table 1 ).
b In most cases, totals do not equal 100% because no data are included for widespread, upland (Highveld), and unclassiÞed species.
interpretation of the spatial patterns shown by dung beetles in Tswalu. However, it is clear that the hills and northern and southern parts of Tswalu incorporate different qualities that diversify the dung beetle fauna of the reserve. It is unclear whether this fauna is entirely representative of that which existed before the local extinction and reintroduction of some large indigenous mammals because there is no point of reference. However, it does currently harbor a fauna that is comparable to other areas of the southern Kalahari that are farmed in an environmentally friendly manner (see Davis et al. 2008 ).
